is documented. Paternal imprinting of the gene responsible for BWS is involved as the mechanism responsible for the aberrant inheritance pattern in this kindred. A review of published reports showed 27 previously published pedigrees with two or more affected subjects with BWS. Paternal imprinting would explain the non-mendelian inheritance of BWS in all but four kindreds. The latter families are examined in more detail and in only one example is the evidence against imprinting totally unexplained. Lubinsky et al'4 proposed that autosomal dominant sex linked transmission could account for the inheritance pattern. These investigators postulated a 'two mutation' hypothesis in which the first mutation is transmitted in a dominant fashion and could involve a person of either sex, but who was phenotypically normal. The second mutation only occurred in the offspring of normal female carriers and the possibility of 'ovum mediated' expression of the disorder was hypothesised. Until recently, the 'two mutation' theory was generally accepted as the most probable explanation of the aberrant inheritance pattern in BWS.
Another rare association with BWS is duplication of the chromosome 1 lpl5.5 region. The defect has been shown cytogeneti- on September 17, 2019 by guest. Protected by copyright.
http://jmg.bmj.com/ also been found in subjects with BWS. In most instances, mental retardation or congenital cardiac defects or both occurred, in the main sporadically. These features were not present in affected subjects in our family who were cytogenetically normal. Increasingly, genetic imprinting has been postulated as the explanation for irregular or non-mendelian inheritance patterns in several unrelated disorders.3132 Koufos et alP3 and Hall3l suggested that BWS and several other conditions such as glomus cell tumours, familial Wilms' tumour, and familial retinoblastoma may represent disorders where gene imprinting has occurred. Using this postulate, paternal imprinting of the BWS gene is the most likely explanation of the inheritance pattern seen in our family. If this scenario applied, the progenitor (patient I.2), who is phenotypically normal, would be a carrier for the imprinted gene and have a 50% chance of passing it on to his progeny, all of whom would lack stigmata of BWS. According to the hypothesis, a change of the imprint status of the BWS gene would occur in the germ line of female carriers (patients II.2 and II.8), and their own children, both male and female, would have a 50% risk of phenotypically manifesting the disorder (that is, 100% of gene carriers would be affected). Generation to generation transmission through affected females could occur, as between patients III.4 and IV. 1, as the extant imprint status would be maintained. However, the imprint status of the BWS gene would be reversed in the germ line of affected or carrier males so that their progeny have a 50% risk of being carriers, but phenotypically normal.
A search of published reports has produced 27 kindreds of BWS patients (fig 4) . The pedigrees have been reconstructed for the purposes of this paper indicating presumed male and female carriers in order to indicate the possibility of paternal imprinting. In all except four pedigrees (labelled K, N, 0, and U family 1), the pattern of inheritance is consistent with paternal genetic imprinting. One family which does not conform in this way was reported by Sommer et all9 (pedigree N) . If the male in generation I is imprinted, then patients I.3 and II.15 are inconsistent with the proposed hypothesis. A possible explanation is that both latter subjects, who were not clinically appraised by the authors, did not have BWS. Indeed, minor abdominal wall defects only were described (possible umbilical hernias). The remaining members of this kindred would fit the hypothesis of autosomal dominant inheritance and paternal imprinting.
Another previously published pedigree which was completely at variance with paternal imprinting as the mechanism of inheritance of familial BWS is that of Matsuura et al'5 (pedigree K). There is no plausible explanation for the inheritance pattern in this kindred in which three ostensible carrier males (II.1, II.9, and II.12) have produced affected offspring. In the family reported by Ben-Galim et al3 (pedigree 0), ear creases were said to be present in patient . 1 (the father). However, he had no other stigmata of BWS and it is more probable that patient I.2 was the carrier of the deimprinted BWS gene which then became manifest in her progeny.
Another kindred in which an ostensibly affected male (II.5) is at variance with paternal imprinting was published by Niikawa et aP2 (pedigree U, family 1). This man had previously died and was not investigated by the authors. He had minimal signs of BWS according to the historical data collected. If this subject is excluded as being affected, the inheritance pattern is consistent with the imprinting hypothesis.
In conclusion, the retrospective published data and the kindred described in this paper provide strong supportive evidence for paternal imprinting in all but one instance of familial BWS. Acceptance of this hypothesis allows clear genetic counselling for subjects in BWS kindreds. In our family, five females in generation III are affected and they are all at a 50% risk of producing affected progeny. Both female carriers (patients II.2 and II.8) are similarly at risk should they have further offspring. No living males remain in generation III, but hypothetically such subjects would have a 50% chance of producing offspring who are carriers of BWS. Prenatal diagnosis is then feasible by ultrasonography232537 for any subject at risk, or through RFLP analysis.33 The exact mechanism of imprinting in BWS is unknown at present but the possibility of differential methylation of the 1 1p15.5 region is currently being investigated using VNTR polymorphisms for that chromosomal region.
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